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(54) Title: 

LIGHT DIFFUSION SHEET AND MANUFACTURING METHOD THERE OF 
(57) Abstract 

[Constitution] To provide a light diffusion sheet formed by 
a transparent resin film containing closed cells with the mean 
particle diameter about 1 to 30 p in transparent resin whose 
light transmittance is 70 % or higher at a thickness of 1 mm, 
and a method for manufacturing the light diffusion sheet by 
forming a transparent resin film containing an extractable 
material and then extracting the extractable material with a 
solvent inert to the transparent resin. 

[Advantage] This sheet is much thinner and has more excellent 
light diffusion performance as compared with the conventional 
light diffuser, and according to the method of the invention, 
the light diffusion film can be manufactured easily by simple 
operation . 

Claims : 

1 . A light diffusion sheet formed by a transparent resin 
film sheet formed by a transparent resin film containing closed 
cells with the mean particle diameter about 1 to 30 (am in 
transparent resin whose light transmittance is 70 % or higher 
at a thickness of 1 mm. 

2. The light diffusion sheet according to claim 1, 
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wherein the thickness ranges from 5 to 150 \xm. 

3. The light diffusion sheet according to claim 1 or 
2, wherein the sheet has a composite structure in which a 
transparent resin film is provided on the surface of a 
transparent substrate . 

4 . A method for manufacturing the light diffusion sheet 
as claimed in claim 1, 2 or 3, wherein after the transparent 
resin film containing extractable material is formed, the 
extractable material is extracted with a solvent inert to the 
transparent resin. 

Detailed Description of th e Invention: 
[0001] 

[Industrial Field of Application] 

This invention relates to a new light diffusion sheet 
and a manufacturing method for the sheet and particularly to 
the light diffusion sheet suitable as a light diffuser used 
for obtaining a uniform luminance surface by diffusing and 
transmitting light from a light source and the method for 
efficiently manufacturing the sheet. 
[0002] 

[Prior Art] 

Since the light diffuser has the property of giving a 
uniform luminance surface by diffusing and transmitting light 
from a light source, it has been used in the general 
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illuminating device heretofore, and it has been largely used 
in a liquid crystal display device and a copying machine. As 
the performance required for the light diffuser, cited is to 
scatter the light rays without causing rectilinear propagation 
as much as possible for preventing transmission of parallel 
rays and have high tr ansmi ttance of light as much as possible. 
When the light rays are scattered, the distance where the light 
rays pass through the medium becomes larger and loss of light 
rays due to the medium becomes larger. Therefore, these two 
performance requirements are incompatible with each other. 
Accordingly, in the case where the scattering degree of light 
rays are expressed by the transmit tance of parallel rays, the 
light diffusion performance can be compared by how high the 
total ray transmit tance of the light diffuser is at a fixed 
parallel ray transmit tance . There have been many films or 
sheets merely having light diffusible performance heretofore, 
but in the systems of all those films and sheets, a medium 
contains fine dispersed matter different in refractive index 
from the medium, or light is irregular-reflected by the fine 
unevenness of the surface. As a film or sheet having light 
diffusible performance, known are a polyethylene sheet 
( JP-A-2-4 64 01) with a molecular weight of 500,000 to 2, 000, 000, 
a foamed polyester sheet and a polyester sheet containing 
silicon-base mat agent ( JP-A-2-7 00 2) . A light diffuser formed 
of quartz glass having fine cells is disclosed ( JP-A-61-126502 ) 
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Further, known is a sheet to which light diffusible performance 
is given by the uneven surface formed by heating hydroxypropyl 
cellulose film containing organome tal compound (JP-A-57- 
198401). In this type of system, however, normally it is 
difficult to accomplish compatibility between the low parallel 
ray transmi ttance and the high total ray transmittance ♦ As 
the light diffuser, at present mostly organic or inorganic 
filler or fibers having a refractive index very close to that 
of resin (a difference in refractive index is 0.1 or smaller) 
are dispersed in the resin as a continuous layer. In this case, 
however, caused is the problem that if the thickness of the 
light diffuser is not about 1 to 4 mm, satisfactory light 
diffusible performance can' t be obtained. 
[0003] 

[Problems that the Invention is to Solve] 
The invention has been made in the light of such 
circumstances and it is an object of the invention to provide 
a light diffusion sheet having excellent light diffusible 
performance such as fixed parallel ray transmittance even with 
a thin type and high total ray transmittance, and a method for 
manufacturing the sheet efficiently by simple operation. 
[0004 ] 

[Means for Solving the Problems] 

The inventors of the invention have repeated earnest 
studies for achieving the above object to find that a 
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transparent resin film containing fine closed cells or a 
transparent sheet having the resin film on the surface is 
thinner than the conventional light dif fuser and unexpectedly 
has more excellent performance than the conventional light 
diffuser with a thickness of 1 to 4 mm, although the refractive 
index of the cell is 1.0 to the refractive index of resin 
normally ranging from 1.49 to 1.60, and that this sheet can 
be easily obtained by providing a transparent resin layer 
containing an extractable material on the surface of a 
transparent sheet or the like and extracting the extractable 
material with a suitable solvent, and completed the invention 
according to this knowledge. That is, the invention provides 
the light diffusion sheet formed by the transparent resin film 
containing closed cells with the mean particle diameter of 1 
to 30 \im in the transparent resin having light transmi ttance 
of 70% or higher at a thickness of 1 mm. According to the 
invention, the light diffusion sheet can be manufactured by 
forming the transparent resin film containing extractable 
material and then extracting the extractable material with a 
solvent inert to the transparent resin. The invention will 
now be described in detail. 
[0005] 

In the general use of the light diffuser, the homogeneity 
of the sheet is demanded in the case of seeing with the naked-eye, 
and when the particle diameter of the cell is large, the light 
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scattering performance and the light transmi ttance are ill 
balanced, so that if the mean particle diameter of the cell 
exceeds 30 (am, it is not preferable. On the other hand, 
practically, it is difficult to set the mean particle diameter 
of the cell under 1 |jm, and if possible, transmitted light is 
colored, so it is not preferable. Further, desirably the shape 
of the cell is a spherical closed cell, and in the case where 
it is continuous or undefined, it is difficult to maintain a 
balance between the light diffusible performance and the light 
transmittance . The thickness of the resin film containing 
cells is preferably 5 to 150 jam. This is because if it is equal 
to or smaller than 5 |j,m, satisfactory light diffusible 
performance is hardly obtained, and if it is equal to or larger 
than 150 \im, compatibility between the light transmittance and 
light diffusible performance is difficult . As the transparent 
resin having light transmittance of 70 % or higher at a 
thickness of 1 mm preferably used in the invention, cited are 
polyolef in resin, which is transparent, such as polycarbonate, 
poly methyl me thacrylate , polyvinyl chloride, polyviny lidene 
chloride, polystyrene, or polypropylene, polyethylene, or 
poly methyl pentene-1, thermoplastic resin such as a copolymer 
of methyl methacrylate and various alkyl acrylate, a copolymer 
of vinyl chloride and vinyl acetate, a copolymer of styrene 
and acrylonitrile, a copolymer of vinylidene chloride and 
acrylonitrile, a block copolymer of styrene and butadiene, and 
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a block copolymer of styrene and isoprene, thermosetting resin 
such as epoxy resin, polyurethane resin and polyester resin, 
and a rubber-like polymer such as polybutadiene, styrene- 
butadiene copolymer and ethylene-propylene copolymer. 

Among the above resin, one type of resin may be used, 
or two or more types may be combined and used. In the case 
where the light tr ansmi t tance at a thickness of 1 mm is 70% 
or lower, the ray transmi tt ance of cells becomes lower, and 
the light scattering performance and the light transmi ttance 
are ill balanced not to come up to the object of the invention. 
[0006] 

As the extractable material used in the invention, in 
the case of extraction using water or hot water, cited are water 
alcohol such as ethylene glycol, propylene glycol, diethylene 
glycol, triethylene glycol, ethylene glycol monoethyl ether, 
ethylene glycol monoacetate, glyceline, petaglyceline, 
butanediol, pentaerythr i tol , hexytol, and glycytol, and water 
soluble organic acid such as maleic acid and succinic acid, 
and among these, one type may be used, or two or more types 
may be combined and used. In the case of extraction using water 
or acid or alkaline aqueous solution, as the extractable 
material, cited are inorganic salts such as calcium carbonate, 
calcium oxide, and sodium chloride, and among these, one type 
may be used, or two or more types may be combined and used. 
As extractable material, starch may be used, and it may be 
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extracted by water or biodegraded by a publicly known method. 
On the other hand, in addition to the above water solvent, 
extraction can be accomplished with an organic solvent inactive 
to the transparent resin and capable of dissolving extractable 
material. For example, it is also possible to disperse wax 
in polyethylene resin and extract the wax by methanol. 
[0007] 

The extractable material is used in the ratio of 0.3 to 
30 wt . parts to 100 wt . parts to transparent resin. If the 
quantity of this material is under 0.3 wt . parts, light 
scattering performance of the sheet is insufficient, and if 
it exceeds 30 wt . parts, the ray transmit tance is too low that 
it is not satisfactory. The light diffusion sheet can be 
manufactured as follows. That is, the above transparent resin 
and extractable material are added to a suitable solvent into 
prepare a homogeneous coating liquid. After that, the coating 
liquid is applied to the surface of the transparent substrate 
about 50 to 200 Dm thick, and dried to provide a transparent 
resin layer about 5 to 150 Dm thick. Subsequently, the 
extractable material in the resin layer is extracted by the 
solvent inert to the transparent resin to manufacture the light 
diffusion sheet. No particular limitation is placed on the 
transparent substrate, but it is possible to use a glass plate, 
the other functional films, sheets, plates, moldings and the 
like used in a liquid crystal display device or the general 
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illuminating device. The transparent resin layer is separated 
from the transparent substrate after drying to be used as a 
light diffusion sheet formed by the transparent resin film, 
and further used as a light diffusion compound sheet in the 
state of being laminated with the transparent substrate. The 
thus obtained light diffusion sheet of the invention has 
excellent characteristics that it is much thinner and lighter 
than the conventional light diffusion sheet, and that it has 
a little difference in transmit tance depending on the 
wavelength of light rays and good reproducibility of color, 
and it has a higher light transmit tance than the conventional 
one at the same parallel ray t ransmittance . 
[0008] 

[Embodiments ] 

The invention will now be described further in detail 
by the embodiments. The invention is not limited to the 
embodiments . 

[Embodiment 1] 

lOg of a vinyl chloride-vinyl acetate copolymer 
[manufactured by Nippon Zeon Co., Ltd., 400 x 150 J] and O.lg 
of ethylene glycol are dissolved in 40g of methyl ethyl ketone 
to prepare a coating liquid. The coating liquid is applied 
on a transparent polyester film 100 jam thick, and dried to form 
a resin film 30 jim thick. Subsequently, the film is dipped 
in hot water of 80 °C for 45 minutes, taken out and dried to 
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obtain a light diffusion compound sheet 130 jam thick and find 
the optical properties thereof. The results are shown in Table 
1. In this case, with the transparent resin film 1mm thick, 
the light t ransmi t tance is 75%, and a closed cell has a particle 
diameter ranging from 2 to 8 |im. The transparent polyester 
film 100 thick has light transmit tance of 92%. The total 
ray transmi ttance and parallel ray transmi tt ance have been 
measured with a direct-reading haze computer [manufactured by 
SUGA tester Co., Ltd.]. 
[Embodiment 2 ] 

lOg of polymethyl methacrylate [SUMIPECKS BLG, 
manufactured by Sumitomo Chemical Co., Ltd.] and 0 . 2g of maleic 
acid are dissolved in a mixed solvent of 20g of acetone and 
20g of toluene to prepare a coating liquid. The coating liquid 
is applied on a transparent polyester film 100 ym thick, and 
dried to form a resin layer 40 \im thick. Subsequently, the 
film is dipped in hot water of 70 °C for 30 minutes, taken out 
and dried to obtain a light diffusion compound sheet 140 \xm 
thick and find the optical properties thereof similarly to the 
embodiment 1 . The results are shown in Table 1 . In the present 
embodiment, with the transparent resin film 1 mm, the light 
transmittance is 91%, and a closed cell has a particle diameter 
ranging from 2 to 6 \im. 
[0009] 

Comparative Example 1 
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The optical properties of a polycarbonate plate 2 mm 
thick on the market, a HYZEX Million sheet 1mm thick (a 
polyethylene sheet with a molecular weight of 1,000,000) and 
TORE X 42 sheet 100 |um thick (polyethylene terephthalat e 
containing a silicon base mat agent) have been obtained. The 
results are shown in Table 1. 
[0010] 

[Table 1] 



TABLE 1 





Thickne 
ss 


Total ray 
transmit ta 
nee Tt (%) 


Parallel 
ray 

transmitta 

nee 

Tp (%) 


Tt/Tp 


Embodiment 1 


130 |im 


57 . 2 


4 . 6 


12 .4 


Embodiment 2 


14 0 |im 


61 . 0 


4 . 9 


12 . 4 


Comparat i 
ve 

Example 1 


Polycarbona 
te 

Plate 


2 mm 


60 . 0 


4 . 9 


12 .2 


HYZEX 

Million 

Sheet 


1 mm 


55. 0 


6.5 


8 . 5 


TORE X42 
Sheet 


100 fim 


66. 0 


6.3 


10.5 



[0011] 

As clear from the Table 1, in any of the light diffusion 
sheets of the invention, Tt/Tp is 12.4, and it is much higher 
than Tt/Tp of the HYZEX Million sheet and TORE X42 sheet. 
Although the Tt/Tp of the polycarbonate plate is a value 
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substantially close to that of the invention, this plate has 
a thickness of 2 mm, and this is remarkably thicker than that 
of the invention. 
[0012] 

[Advantage of the Invention] 

According to the invention, the light diffusion sheet 
is formed by the transparent resin film having fine closed cells 
or the above resin film is provided on the surface of the 
transparent substrate to form the light diffusion compound 
sheet, whereby the light diffusion sheet can be made much 
thinner and lighter as compared with the conventional light 
diffuser, a difference in transmit tance depending on the 
wave length of the rays is made smaller, the satisfactory color 
reproducibility is attained, and the ratio of the total ray 
transmittance/parallel ray transmi ttance is made higher than 
the conventional one to achieve excellent light diffusible 
performance. Furthermore, according to the method of the 
invention, the light diffusion sheet having the above 
characteristics can be easily manufactured by simple 
operation . 
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